The family Enterobacteriaceae contains a large number of interrelated microbial types, forming such a continuous series that they are not easily divided into distinct groups. There are some dense centers of strains with similar biochemical properties, and these are the recognized taxa. As Edwards and Ewing (2) have pointed out, these divisions are useful for practical purposes, but the groups are artificial and many cultures will not fall neatly into one or another of them.
The purpose of this investigation was to compare the relationships revealed among these organisms by measures of overall similarity with the commonly accepted classifications of Bergey's Manual, Edwards and Ewing (2) , and Kauffmann (4), all of which are based on comparatively few diagnostic characters. A preliminary report of these data has been presented (Krieg and Lockhart, Bacteriol. Proc., p. 23, 1966).
MATERIALS AND METHODS
There are probably thousands of existing cultures of enterobacteria, and it is difficult to know how many of these constitute an adequate sample for a study of this kind. We elected to work with a relatively small but representative sample, containing a number of strains which are recognized "reference points" within the family. Thus, in addition to 4 cultures of Aeromonas, the sample consisted of 49 cultures representing 35 species (and several subspecies) from 12 genera of the family. At least two species from most of the genera were studied, and there were several strains of some species. For 18 of the species, the type, neotype, or proposed neotype strain was included. Eighteen of the cultures used were included in the list of suggested reference strains recently prepared by Sneath and Skerman (6) . The cultures, listed in Table 1 , were supplied by the American Type Culture Collection (ATCC) in Rockville, Md. Diagnostic reactions of all the cultures agreed with the accepted descriptions of these organisms (Bergey's Manual; 2), confirming the ATCC identification of each culture as listed in Table 1 . However, a few cultures displayed several atypical reactions; these were Erwinia amylovora, Klebsiella rhinoscleromatis, Salmonella typhi, and Shigella dysenteriae (cultures 14, 27, 46, and 51 in Table 1) , and the four species of Proteus (cultures 30, 31, 32, and 33). Whether or not these particular cultures are "typical," however, cultures 33 and 51 are the recognized neotype cultures for the species P. vulgaris and S. dysenteriae, culture 27 is the proposed neotype strain of K. rhinoscleromatis, and cultures 14, 27, 33, and 51 all are included in a recent list of suggested reference cultures (6) .
All cultures except Aeromonas liquefaciens ATCC 14715 and A. shigelloides ATCC 14029 were revived from the lyophilized state by culturing in Brain Heart Infusion (Difco). These two species were cultured in nutrient broth (Difco), as recommended by ATCC. Cultures were grown in nutrient broth at 10, 26, 30, 37, and 45 C, and all remaining tests were then carried out at the growth temperature optimal for each organism (indicated in Table 1 ). A total of 105 features (Table 2) was determined for each culture, by use of standard diagnostic tests (2, 4, 7). Skerman's unpublished compilation of tests (personal communication) was also useful. Detailed descriptions of all tests used were given by Krieg (M.S. Thesis, Iowa State University, Ames, 1966). Data were recorded in coded form, and an International Business Machines (IBM) 7074-1401 computer was used to compute matching coefficients between all possible pairs of organisms. This coefficient is defined as NS/(NS + ND), where NS is the number of features in which two organisms are alike, and ND is the number of features in which they differ. Organisms were sorted into groups on the "highest-link" basis; that is, an organism is joined to a group at the level of its greatest similarity to any member of the group, and two groups are joined together at the level of greatest similarity between any member of one group and any member of the other. Methods for data recording and computation were described previously (3).
RESULTS
Arrangement of the organisms on the basis of overall similarity (Fig. 1) The other genera studied do not form any significant groups. The Aeromonas species do not appear to be very similar to the enterobacteria, and there is little similarity within the genus. The two strains of Providencia are not similar to each other or to the rest of the family. The members of the genus Proteus are also scattered.
If the relationships suggested by Fig. 1 are summarized and simplified into a classification scheme analogous to others now used for the family, the arrangement shown in Fig. 2 is obtained. The relationship of strains of Proteus, Providencia, and Aeromonas to one another and to the family is quite uncertain, and there are some individual exceptions to this arrangement; i.e., K. rhinoscleromatis, S. typhi, S. dysenteriae, characteristics are compared with standard and E. amylovora are not grouped with other descriptions for these species. However, this parmembers of their genera. It was mentioned earlier ticular strain of S. dysenteriae is the recognized that these four cultures are not typical when their neotype for its species, and earlier studies (5) shown that other strains of E. amylovora also fail to group with the rest of the Erwinia. S. 
